From the endophytic fungus Phomosis sp., four known phomosines A-D (1-4) and three new phomosines H-J (5-7) have been isolated. The structures of the new compounds were determined on the basis of their spectroscopic data analysis ( 1 H, 13 C, 1 H-1 H COSY, HMQC, and HMBC NMR, as well as mass spectrometry). The structures of phomosine H (5) and J (7) were also confirmed by semisynthesis from phomosine A (1). The remaining four known compounds [phomosines A-D (1-4)] were identified by comparing their spectroscopic data with those reported in the literature. The four known metabolites were biologically active. Of the novel metabolites, only 6 was antifungal and antibacterial.
Endophytic fungi have been shown to be an excellent source of biologically active secondary metabolites [2] . We have investigated novel metabolites from an endophytic fungus, Phomopsis sp., which was isolated from Ligustrum vulgare. Phomopsis species have been found to synthesize a large array of structurally diverse secondary metabolites [3] . These include various classes, for example anthraquinones (e.g. altersolanol A-C [4] , cytochalasins [5, 6] , phomopsichalasin [7] , phenochalasins) [8] , lactones (convolvulol, convolvulopyrone, convolvulanic acid A) [9] , xanthones [10] [11] [12] , nitropropionic esters [13, 14] , terpenoides, such as the oblongolides [13] [14] [15] and phomopsolides [16] , 2,3epoxycyclohexenes [17] , isocoumarins [17] , cyclic peptides, such as phomopsin A and B [18] , orselliniic esters (phomozin) [19] , macrolides [20, 21] , polyketides [22] and biaryl ethers, such as phomosines A-C [23] and D-G [24] . In this paper, we describe the isolation, physicochemical properties, structure elucidation, semisynthesis, and biological activity of three new phomosines H-J (5-7), along with four known phomosines A-D (1) (2) (3) (4) . The fungus was cultivated in biomalt semi-solid agar culture media for 26 days at room temperature. The crude extract had good fungicidal, antibacterial, and algicidal activities. The ethyl acetate extract of the culture was separated by silica gel column chromatography, resulting in the isolation of four known (1) (2) (3) (4) and three new (5-7) biaryl ethers.
Four known metabolites, phomosines A-D (1-4) ( Figure  1 ), were identified by comparison of their spectral data with those published in the literature [23, 24] . The three new metabolites (5-7) of intermediate polarity were elucidated by direct comparison of their spectral data with those of compounds 1-4.
Phomosine H (5) was isolated as a colorless solid with m.p. 163-165°C. The IR spectrum, with bands at 1648 and 3435 cm -1 , indicated the presence of conjugated and/or chelated ester carbonyl and hydroxyl groups. The NMR spectra with 25 signals in the 13 As in the phomosines A-D (1-4), one signal at δ 3.96 showed the presence of an ester methoxy group. The location of the benzyl ether at the benzylic methylene at C-1' was confirmed by two factors. First, the 13 C NMR signal for C-2'a in the free alcohol 4 is at δ 53.6, whereas in the methyl ether 3 it is at δ 63.9 and in the benzyl ether at δ 63.6. Secondly, this was unambiguously confirmed by the HMBC experiment with correlations of 2'a-H to C-3'a and 3'a-H-to C-2'a.
In order to further confirm the structure of phomosine H (5), chemical synthesis of 5 from 1 was performed (Scheme 2). Protection of three phenolic hydroxyl groups in 1 was achieved with para-methoxybenzyl chloride to form the tris-PMB ether 8 in 94 % yield. Treatment of 8 with NaBH 4 in the presence of EtOH, led to the alcohol 9 in 99 % yield. Benzylation [25] of the primary alcohol in 9 was achieved with benzyl bromide and NaH in DMS solution. Finally, deprotection of the PMB protecting groups in 10 was achieved with reaction with DDQ [26] , yielding phomosine H (5) in 80 % yield.
The second new metabolite, phomosine I (6), was isolated as a colorless solid with m. p. 152-155°C. The IR spectrum showed strong bands for OH groups at 3394 cm -1 and for conjugated and/or chelated carbonyl groups at 1652 cm -1 . The structure of 6 was established mainly from its 1 H NMR spectrum which showed great similarities with that of methyl ester 5, except for the missing signal for a methyl ester group. It was deduced that compound 6 was the corresponding acid of ester 5. The MS and 13 C NMR spectra, in which 24 carbon peaks could be detected, supported this assumption.
The most polar compound, phomosine J (7) , was isolated as a colorless solid with m.p. 225-228°C. The IR spectrum showed an absorption band for OH groups at 3510 cm -1 and strong carbonyl absorption at 1665 cm -1 . The NMR spectra with 21 signals in the 13 . A singlet at δ 2.33 was attributed to a conjugated methyl ketone. This connection was evident from the HMBC correlation to a carbonyl carbon appearing at δ 201.7 and long range correlations with two methylene groups at δ 8.13 and 8.13. From this evidence, structure 7 for phomosine H was proposed. It is the aldol condensation product of phomosine A (1) with acetone, and its structure was unambiguously proven by base-catalyzed aldol condensation of phomosine A (1) with acetone. However, the possibility cannot be excluded that 7 is an artifact generated during the isolation process.
Biological activity:
The known phomosines A -D (1 -4) and the novel phomosines H -J (5 -7) were tested in an agar diffusion assay for antimicrobial activity. As displayed in Table 1 , the four previously known phomosines A -D (1 -4) were all active against the fungal test organism Microbotryum violaceum; phomosines A -C (1 -3) were antibacterial against Bacillus megaterium and phomosines A (1) and D (4) inhibited the alga Chlorella fusca. Of the three new metabolites, only phomosine I (6) was antifungal and antibacterial.
Phomosines from Phomopsis sp.
Natural Product Communications Vol. 6 (12) 2011 1909 [a] Application of pure substances at a concentration of 50 µg (50 µL of 1 mg/mL). The radius of zone of inhibition was measured in mm. PI = partial inhibition, i.e. there was some growth within the zone of inhibition.
In summary, the highly antifungal and in part antibacterial group of phomosine biarylether natural products has been extensively extended by analysis of the culture extracts of Phomopsis sp., internal strain 5686. The four known metabolites were all biologically active, and the new benzyl ether 6 was antifungal as well as antibacterial.
Experimental

General experimental procedures:
Column chromatography: commercial silica gel (Merck, 0.040-0.063 mm), and Sephadex LH-20 (Amersham Biosciences). Analytical and preparative thin-layer chromatography (TLC): Precoated silica gel plates (Merck, G60 F-254 or G50 UV-254), respectively. Optical rotation: Perkin-Elmer 241 MC polarimeter at the sodium D line. CD spectra were recorded on a J-810 spectropolarimeter and concentrations are given as mol/dm 3 . The CD spectra were measured in millidegrees and normalized into Δε max [l mol -1 cm -1 ]/λ [nm] units. For solid-state CD protocol, see refs. [21, 22] . IR spectra: Nicolet-510P spectrophotometer;  max in cm -1 . 1 H and 13 C NMR spectra: Bruker Avance 500 (500 MHz for 1 H and 125 MHz for 13 C) spectrometer; chemical shifts  in ppm, coupling constant J in Hz. EI-MS and HR-EI-MS: MAT 8200 and Micromass LCT mass spectrometers, in m/z. Microbiological methods and culture conditions are as described previously [27, 28] .
Culture, extraction and isolation: Phomopsis sp., internal strain no. 5686, was isolated following surface sterilization from Ligustrum vulgare that had been growing in Braunschweig, Germany. The endophyte was cultivated at room temperature for 26 days on biomalt semi-solid agar media. The agar was extracted 4 times with ethyl acetate (4 x 0.6 L) to give the crude extract (19.85 g). This was subjected to CC on silica gel, using first gradients of light petroleum-dichloromethane, then dichloromethane, and then gradients of dichloromethane with up to 10% of methanol. On the basis of TLC analysis, similar fractions were combined and were re-chromatographed on silica gel to yield 9.6 g of 1 (n-hexane/ethyl acetate = 7:3, R f = 0.70), 19.1 mg of 2 (n-hexane/ethyl acetate = 6.5:3.5, R f = 0.65), 
Phomosine I [(E)-methyl 4-hydroxy-3-(3-hydroxy-5methyl-2-(3-oxobut-1-enyl)phenoxy)-2,5-dimethyl
Compound 8:
To a stirred suspension of K 2 CO 3 (1.29 g, 9. 360 mmol) in dry DMF (20 mL) at room temperature was added phomosine A (1) (400 mg, 1.156 mmol) and a catalytic amount of TBAI (20 mg). The mixture was stirred for 30 min and then 4-methoxybenzyl chloride (1.086 g, 1.0 mL, 6.936 mmol) was added. The reaction mixture was stirred at room temperature for 8 h. The reaction was quenched with water (100 mL) and extracted 3 times with ethyl acetate (3x100 mL). The combined organic extracts were washed with water (2 ×100 mL), brine (100 mL) and dried (Na 2 SO 4 ). After filtration, the solvent was removed to give the residue, which was purified by silica gel CC using light petroleum/EtOAc 
Compound 9:
A solution of compound 8 (60 mg; 0.086 mmol) in ethanol (20 ml) was stirred at 0 o C and sodium borohydride (15 mg, 0.40 mmol) was immediately added. After the slow gas evolution, the solution was stirred overnight and then the solvent was removed. The white residue was dissolved in EtOAc and washed with water (50 mL), brine (50 mL) and dried (Na 2 SO 4 ). After filtration, the solvent was evaporated to dryness to afford a white residue, which was purified by silica gel column chromatography using PE/EtOAc (5:1) to afford compound 9 as pale yellow solid in 99 % yield (58 mg, 0.083 mmol). MP: 130°C. IR (KBr): ν = 3220, 1648, 1620, 1580, 1105, 1080, 1030, 780 cm -1 . 1 Compound 10: To a stirred suspension of 60% NaH (20 mg, 0.833 mmol) in dry DMF (20 mL) at room temperature was added protected primary alcohol 9 (100 mg, 0.141 mmol) and a catalytic amount of TBAI (20 mg). The mixture was stirred for 15 min and then benzyl bromide (144 mg, 0.1 mL, 0.846 mmol) was added. The reaction mixture was stirred at room temperature for 3 h. The reaction was carefully quenched with water (5 mL) and extracted 3 times with ethyl acetate (100 mL). The combined organic extracts were washed with water (2 × 100 mL), brine (100 mL) and dried (Na 2 SO 4 ). After filtration, the solvent was removed to give a residue, which was purified by silica gel CC using light petroleum/EtOAc (7:1) to afford compound 10 as pale yellow solid in 92 % yield (103 mg, 1.29 mmol). 
Phomosine H (5):
To a stirred solution of 10 (50 mg, 0.062 mmol) in CH 2 Cl 2 (15 mL) containing a small amount of water (1/18-1/20 of CH 2 Cl 2 ), DDQ (22 mg, 0.093 mmol) was added at 0°C. The reaction mixture was stirred at room temperature for 5 h. After completion of the reaction, aq. NaHCO 3 (10 mL) was added, and the mixture extracted with CH 2 Cl 2 (100 mL). The extract was washed with aq. NaHCO 3 (3x100 mL) and brine (100 mL) and dried over Na 2 SO 4 . The solvent was evaporated and the residue was chromatographed on a silica gel column to give phomosine H (5) as white solid in 80% yield (21 mg, 0.050 mmol). The synthetic phomosine H (5) was identical in all respects (IR, UV, NMR, HREIMS) to natural phomosine H (5) , including R f and melting point.
Semisynthesis of phomosine H (7):
A mixture of equimolar amounts of 1 (100 mg, 0.289 mmol) and acetone (170 mg, 0.2 ml, 2.890 mmol) in EtOH (10 mL) was warmed at 50°C. A 25% aqueous solution of KOH (2 mL) was added drop-wise to the reaction mixture over a period of 30 min. and further stirred for 5 h at 50°C. The stirring was terminated and the reaction mixture was kept at room temperature overnight. Ice cold water (20 mL) was added until the solid was dissolved. The reaction mixture was acidified with dilute HCl (5 mL), maintaining the temperature at 0-5°C. The precipitates formed were filtered off, dried and crystallized with aqueous ethanol to give the corresponding phomosine H (7) in 90 % yield (97 mg, 0.260 mmol).
Agar diffusion test for biological activity:
The metabolites were dissolved in acetone at a concentration of 1 mg/mL. Fifty μL of the solution (50 µg) was pipetted onto a sterile filter disk (Schleicher & Schuell, 9 mm), which was placed onto an appropriate agar growth medium for the respective test organism and subsequently sprayed with a suspension of the test organism [19] . The test organisms were the Gram-positive bacterium Bacillus megaterium (grown on NB medium), the fungus Microbotryum violaceum and the alga Chlorella fusca (both grown on MPY medium). (For media recipes, see ref.
[29]) Reference substances were penicillin, nystatin, actidione, and tetracycline. Commencing at the middle of the filter disk, the radius of the zone of inhibition was measured in mm. These microorgansims were chosen because (a) they are nonpathogenic and (b) they had in the past proved to be accurate initial test organisms for antibacterial, antifungal, and antialgal/herbicidal activities.
